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(54) Method of preparation of pure enantiomers of 4-[1- 

methyl-4-piperidylidene]-4,9- 
dihydrobenzo[4,5]cyclohepta[1,2-b]-thiophen-10-one 

(57) The invention pertains to the field of 
synthetic resins. Its advantage is a method of 
preparation of pure enantiomers of 4-[1-methyl- 
4-piperidylidene]-4,9-dihydrobenzo[4,5] 
cyclohepta[1,2-b]-thiophen-10-one (I), which in 
racemic form is known as the highly effective 
antihistaminic and antianaphylactic substance 
ketotifen, used as a preventive in treatment of 
bronchial asthma. Cleaving of this into 
enantiomers is performed according to the 
invention by crystallizing diastereoisomeric 1:1 
mixtures of the salts with (+) or (-)-0,0- 
dibenzoyl-D(or L)-tartaric or (+) or (-)-0,0'-di(p- 
toluyl)-D(or L)-tartaric acid to a constant optical 
rotation, the homogeneous salts are then 
broken down by aqueous ammonia, and the 
optically pure bases (+) or (-) ketotifens are 
isolated by extraction with organic solvents, 
evaporation of the extracts and crystallization 
from ethanol, and to verify the optical purity 
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one uses isotachophoresis with beta- 
cyclodextrin as an additive to the conducting 
electrolyte. In salt form, both enantiomers of 
ketotifen (I) are highly effective H1- 
antihistamines and the (+) isomer has 
significant antianaphylactoid effectiveness and 
relatively significant antimuscarinic 
effectiveness. 
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The invention concerns a method of preparation of pure enantiomers of 4- 
[l-methyM-piperidylideneM.Q-dihydrobenzoK.SJcycloheptatl.a-bl-thiophen-IO- 
one of formula I 



By using known synthetic techniques (Waldvogel E. et al.: Helv. Chim. Acta 
59, 866, 1976; German (FRG) patent application number 2,302,970, 2,144,490 
and 2,111,071; US patents 3,682,930, 3,960,894 and 4,128,549), one obtains 
optically inactive substances of formula I, which in the form of salt with fumaric 
acid has exhibited outstanding antihistamine, antiallergic and antianaphylactic 
properties (Martin U. and Romer D.: Arzneim.-Forsch. 28, 770, 1978; Triangel 
17, 141, 1978; Pharmacol. Biochem. Prop. Drug Subst. 3, 424, 1981) and has 
found broad practical use as a preventive of bronchial asthma attacks (Castaner 
J.. Hillier K.: Drugs Future 2, 108, 1977; 3, 163, 1978; Alhadeff M.: Med. Actual. 
(Drugs Today) 14, 367, 1978; Craps L: Sandoz Revue 1981 (2), 15). The 
substance of formula I is known by the international generic name "ketotifen". 




CH- 



' 3 (/; 
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The ketotifen (I) molecule does not possess a center of asymmetry and at 
first glance should not be amenable to the possibility of chirality or splitting into 
optical antipodes (enantiomers). Neither has such a prospect been pointed out 
by detailed papers describing the physical-chemical and analytical features of 
ketotifen (I) (Mikotic-Mihun Z. etaL: Ada Pharm. Jugosl. 33, 129, 1983; Yugosl. 
Chem. Papers 8 (1), 23, 1984) or by studies of the metabolism of ketotifen (I) (Le 
Bigot J. F. et al.: Drug Metab. Dispos. 11, 585, 1983). 

On the contrary, study of molecular models of ketotifen (I) has shown that 
the nonplanar three-dimensional ring of a tricyclic system allows for the existence 
of two extreme conformations, the inverting of which is substantially impeded by 
the presence of the keto-group, and which might constitute significantly stable 
enantiomers of ketotifen (I). A similar phenomenon has been observed in the 
case of 3-substituted derivatives of cyproheptadine, in which the existence of 
stable chiral conformers has been demonstrated (Ebnother A. et al.: Helv. Chim. 
Acta 48, 1 237, 1965; Remy D. C. et al.: J. Med. Chem. 20, 1 013, 1977). 

The correctness of this surmise was experimentally confirmed by analytical 
capillary isotachophoresis and micropreparation. Thus far, the existence of 
chirality of the ketotifen (I) molecule has not been mentioned in the literature and 
its discovery must be considered surprising. A method of splitting the racemic 
ketotifen (I) into its antipodes is the subject of the present invention. 

For splitting the racemic substance of formula I one can employ 
crystallization of a mixture of the diastereoisomers, arising by neutralization of 
the substance of formula I with optically active acids of general formula II 
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R -^^-.COOCHCOOH 
R ~\~)— COOCH COOH 

on 

in which R is an atom of hydrogen or methyl, and in these salts it is 
advantageous for one molecule of the base of formula I to correspond to one 
molecule of acid of general formula II. Thus, these are optically active hydrogen 
dibenzoyl tartarates or hydrogen-di(p-toluyl)tartarates. 

For the splitting, then, one uses either commercially available (+)-0,0- 
dibenzoyl-D-tartaric or (-)-0,0'-dibenzoyl-L-tartaric acid, or according to the 
literature (Stoll A., Hofmann A.: Helv. Chim. Acta 26, 922, 1943) the (+)-0,0'- 
di(p-toluyl)-D-tartaric or (-)-0,0'-di(p-toluyl)-L-tartaric acid. 

Neutralization of the racemic base of formula I by the optically active acids 
of general formula II is done advantageously in ethanol and the precipitated 
diastereoisomeric mixtures are crystallized, preferably from aqueous ethanol. 
The melting points of the individual crystal lizates are not characteristic, so that 
they should not be used as a criterion for the degree of cleavage attained. The 
crystallization must be repeated until constant optical rotation of the salt is 
achieved. Furthermore, it is necessary to liberate the optically active bases from 
each crystallizate and/or check the optical rotation in it. Complete cleavage is 
characterized by consistent optical rotation for two consecutive crystallizates and 
the bases liberated from them. 



02/26/2001 12:48 7813344445 



INTRANSCO 



PAGE 07 
6 



One proven method of evaluating the achieved degree of cleavage is 
isotachophoresis using R-cyclodextrin as additive in the conducting electrolyte; 
this method can directly establish the percentage representation of both 
enantiomers in the bases. 

Further details of the method of preparation of the pure enantiomers of 
ketotifen (I) will emerge from the examples, which are merely an illustration of the 
possibilities of the invention and it is not their task to exhaustively describe every 
possibility. The enantiomeric bases of formula I are crystalline substances, which 
crystallize from ethanol. The dextrorotatory base [(+)-!] has the specific rotation: 

[a]20 D = +114° (ethanol, c = 1); 

the levorotatory base has: 



[<x]20 D = -114° (ethanol, c=1). 



Pharmacological evaluation of both enantiomers (evaluated in the form of 
aqueous solutions of hydrogen fumarates) revealed a definite difference, 
indicative of the stereoselectivity of the effects, albeit not overly pronounced. The 
antihistamine effect (on histamine-H1 receptors) was evaluated by inhibition of 
bronchospasm in guinea pigs, elicited by histamine aerosol. The mean 
preventive dose PD50 for (+)-ketotifen is 0.026 mg/kg under oral administration; 
for (-)-ketotifen, PD50 is 0.013 mg/kg p.o. 
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The levorotatory enantiomer in this test thuegggueg to be apj^oximately.. 
twice as effective as the dextrorotatory enantiomer. The activity of both 
enantiomers in this test is enormously high. A further comparison was done by 
evaluating the anaphylactoid skin reaction in rats, elicited by administering the 
substance 48/80, i.e., a known liberator of histamine. The antianaphylactoid 
effect of (+)-ketotifen is given by the mean preventive dose of PD50 - 4.2 mg/kg 
oral. 

It was not possible to establish the PD50 value for (-)-ketotifen; a dose of 1 
mg/kg p.o. restricts the development of the anaphylactoid skin reaction by 25% 
(compared to the control); increasing the dose up to 50 mg/kg p.o. does not 
produce a statistically significant increase in the antianaphylactoid effect. In this 



test therefore, the d extrorotatory enantiomer appears to be the effectiv e 
component of th e racema te^And although it is known that the anticholinergic and 
antimuscarinic effect of ketotifen (I) is relatively slight, both enantiomers were 
compared in regard to affinity to the muscarinic receptors in the rat brain in an in 
vitro test, during which the inhibition of the ligand bond was determined, i.e., 0.5 
nM ( 3 H)quinuclidinyl benzylate, to the bonding sites. 

The findings are given as the mean inhibitory concentration IC50. For (+)- 
ketotifen we found a value of IC50 = 149 nM; racemic ketotifen has IC50 = 280 
nM; for (-)-ketotifen we found a value IC50 = 1217 nM. Thus, in this case, it is the 
dextrorotatory enantiomer which is the effective component of the racemate. The 
contrary finding in the case of the histamine aerosol test can only be explained 
by the fact that the H1 antihistamine effect is not stereoselective, and also in that 
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the effectiveness of both enantiomers is so enormous that a 100% difference 
between both findings is within the range of experimental error. 

From the standpoint of racemization, both enantiomers of ketotifen (I) are 
relatively stable. Racemization quickly proceeds at the melting point of the bases 
(158 to 160X) and also in boiling aqueous solution of the salts. Crystallization of 
the bases from boiling ethanol does not result in racemization. This indicates that 
the energy barrier for inversion of the conformation of both enantiomers is 
significantly high. 

Example 1 

To a solution of 7.8 g of the racemic base ketotifen [(±)-l] in 50 ml of ethanol 
is added a solution of 10.2 grams of (-)-0,0 , -di(p-toluyl)-L-tartaric acid and the 
mixture is heated to boiling. The resulting solution of the acid salt is let stand 
several days at 0°C, after which the precipitated salt is drawn off. The yield is 
16.8 g, so that this is a mixture of both diastereoisomers. 

The melting point is 189 to 190°C and 
[a]20 D = -74.65° (70% ethanol, c = 0.2). 

The base is liberated with aqueous ammonia, isolated by benzene 
extraction and complete evaporation of the solvent; the melting point is 159 to 
162°C and 
[ct]20 D = +10.91°; 
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according to isotachophoresis evaluation, it consists of 54% (+)-! and 46% (-)-l. 
By mere crystallization of this mixture (5.0 g) from 350 ml of 75% aqueous 
ethanol, one obtains 2.4 g of the cloven salt with melting point 184 to 187°C and 
[a]20 D = -39.02. 

The liberated base has 
[a]20 D = +98.5° 

and per isotachophoresis contains 92% of Further crystallization of 2.15 
grams of this salt from 200 ml of 75% ethanoi yields 1 .5 g of homogeneous 
diastereoisomer of the salt with melting point of 184 to 187*C and 
[a]20° = -33.05°. 

The liberated base melts at 159 to 162°C (ethanol) and has 
[a]20 D = +114.14°. 

According to isotachophoresis, it is entirely the homogeneous dextrorotatory 
base of ketotifen [(+)-!]. 

Example 2 

To a solution of 7.6 g of the racemic base ketotifen [(±)-l] in 1 5 ml of ethanol 
is added a solution of 10.2 g of (-)-0,0'-dibenzoyl-L-tartaric acid and the solution 
is left to crystallize for 20 days. After this, 16.8 g of a diastereoisomer mixture is 
drawn off, melting point 154 to 155°C. Triple crystallization consecutively from 
140, 120 and 100 ml of a 75% aqueous ethanol yields 8.5 g of homogeneous 
diastereoisomer of the salt, melting point 158 to 160°C, 
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[<x]20° = -20.36°. 

As in the preceding case, the liberated base (3.8 g) melts at 159 to 162°C 
(ethanol), 
[a]20 D = +114.31°. 

Thus, once again, this is the entirely homogeneous dextrorotatory base of 
ketotifen [(+)-!], which is identical to the product of example 1. Systematic 
processing of the mother liquors obtained from example 1 and 2 results in a 
further quantum of base (+H which favorably adjusts the yield. 

Example 3 

Neutralization of 12.9 g of racemic base ketotifen [(±)-l] by means of 18.1 g 
of (+)-0,0 , -dibenzoyl-D-tartaric acid is carried out in 100 milliliters of ethanol and 
to the resulting solution of diastereoisomer mixture of the salt is added 800 ml of 
ether while stirring. After 24 hours standing, the mixture of salts is drawn off; 27.0 
g, melting point 156 to 158°C. Triple crystallization from 85% ethanol results in 
7.2 g of homogeneous salt, which melts at 158 to 160°C and has 
[a]20° = +19.55° (70% ethanol, c = 0.2). 

The liberated base melts at 159 to 162°C (ethanol) and has 
[<x]20 D = -113.91°. 

According to isotachophoresis, this is the entirely homogeneous levorotatory 
base of ketotifen [(-)-!]. 
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CLAIMS 



Method of preparation of pure enantiomers of 4-[1-methyl-4-piperidylidene]- 
4,9-dihydrobenzo[4,5]cyclohepta[1 ,2-b]-thiophen-10-one of formula I 



characterized in that the racemic base of formula I is neutralized with optically 
active acids of general formula II 



in which R is an atom of hydrogen or methyl, the resulting diastereoisomer 
mixtures of acid salts are crystallized from aqueous ethanol until constant optical 
rotation is achieved, then broken down with dilute aqueous ammonia, the 
liberated optically active bases or (-)-l are isolated by extraction with volatile 
and water-immiscible solvents and recovered by evaporation of the extracts and 



R 




00 
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crystallization from ethanol, and their optical purity is verified by isotachophoresis 
in G-cyclodextrin as additive to the conducting electrolyte. 
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(54) 



ZpQsob pflpravy Cistych enantiomeric 

4- ( 1-methyl- 4-piperidyiiden ) -4,9-dihydrobenzo [ 4,5 ) cyklohepta [ 1,2-b ] - 
ttuofen-10-pnu 



(57), ftesenl spadd do ofooru syntetickjrch 
le£iv. Jebo pfedmStem je zp&sob pFlpravy 
Slstych enantiomeric 4-(l-methyl-4-piperidy- 
liden]-4,9-dihydrobenzo{4,5)cyklohapta- 
[ 1,2-b )thlofen-lO-onu (I), kter? je v. race- 
mlcke forme" zn£m£ jako antlbistaminovS -a 
antianafylakticky vysoce tiCinn? ketotifen, 
pouSfvartf jako profylaktikum v therapii 
bronchialnttio asthmatu. Jeho gtgpeni na an- 
.tip6dy se provede podle reSenl krystallzaci 
dlastereoisomerntch smes! 1 : 1 soli s kyse- 
linami ( + J- nebo ( — )-0 T 0'-dibenzoyl-D(ne- 
bo L)- vinnou nebo [ + )- nebo ( — )-0,O i -di- 
(p-toluyl)-D(nebo L] -vinnou do konstantnf 
optlckS rotace, homogennl soil se potom roz- 
lo2f vodnjm amoniakem a opticky Ciste b£- 
ze ( + ]- a ( — )-ketotifenu se izoluji extrakcl 
organickfmi rozpouStedly, odpafenim ex- 
traktfi a krystalizacf z etfaanolu, pflCemz k 
ovgfeni optick§ Clstoty se pou2i]e isotacho- 
foresy s beta-cyklodextrinem jako aditivem 
vedouclho elektrolytu. Ve forms soil jsou 

£J oba enantiomery ketotifenu (I) vysoce Ci- 
cinn^mi Hi-antlhistaminiky a ( + ] -isomer ma" 

$ znacnou QCinnost antiaoafylaktoidrn a rela- 

<^ tivnS znadnou TlCinnost antimuskarinovou. 

o 

CV4 
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VynSlez se t£k£ zpfisobu pfipravy cistfch 
enantiomeru 4- ( l-methyl-4-piperidyliden ) - 
^^dihydrobenzo^S/cyklohepta/l.Z-b/thio- 
fen-10-onu vzorce I 




Znantfmi syntetickymi postupy (Waldvo- 
gel E. et aL: Helv, Chlm. Acta 59, 866, 1976; 
Ngmecke (NSR) zverejnovaci spisy clslo 
2 302 970, 2144 490 a 2 111071; US patenty 
c. 3 632 930, 3 960 894 a 4 128 549). se zlskd- 
vd opticky inaktlvnl ldtka vzorce I, ktera 
ve formS soli s fumarovou kyselinou vykd- 
zaLa vynikajici antiblstaminovg, antialergic- 
kg a antianafylakticke* vlastnosti (Martin 
U. a Romer D.: Arzneim.-Forsch. 28, 770, 
1978; Trlangel 17, 141, 1978; Pharmacol- 
Biochem. Prop. Drug Sufost. 3, 424, 1981) a 
naSla rozsdh!§ prakticke" pou2t« Jako pro- 
fylaktikum zdcbvatA bronchidlniho astma-tu 
(Castafler J., Hillier K,: Drugs Future 2, 108, 
1977; 3, 163, 1978; Alhadeff M.: Med, Actual. 
[Drugs Today) 14, 367, 1978; Craps L.: San- 
doz Revue 1981 (2), 15]. L£tka vzorce I je 
zndmd pod, mezlndrodmm generickfm ]me- 
nem „ketotifen". 

Molekula ketotifenu (I) neobsahuje cent- 
rum asymetrie a na iprvnf pohled tedy rie- 
pfipous'tl moZaost chir^lity a Stepenl na op- 
tlcke" antipody (enantiomery). Takovou 
moZnost nenaznaciLa ani podrobnd prdce 
popisujicl fyzikdlnechemickou a analytic- 
kou charakterizaci ketotifenu (I) (Mikoti£- 
-Mibun Z. et al.: Acta Pharm. JugosL 33, 
129, 1983; Yugosl. Chem. Papers 8(1], 23, 
1984) anl studie metabolismu ketotifenu (1) 
(Le Bi^Ot J. F. et al.: Drug Metab. Dispcs. 
11, 585, 1983). 

Naproti tomu studie molekulSrnlch mo- 
delu ketotifenu (I] ukSzala, 2e neplan^rnl 
prostfedni kruh trlcyklickeho syst6mu ddvd 
moZnost existence dvou meznlch konforma- 
cl, jejlcM inverse je pfltomnosti ketoskupl- 
ny znacne ztlzena a kter6 by mohly pfedsta- 
vovat do zna£n6 miry stabilnl enantiomery 
ketotifenu (I). Podobn? Jev byl pozorovSn 
v pfipadg 3-substituovan^Ch derivatu cyp- 
roheptadine u nichS byla prokSzdna exis- 
tence stabilnlch chiralnlch konformeru 
(Ebn&ther A. ' et aL: Helv. Chim. Acta 48, 
1 237, 1965; Remy D. C. et al.: J. Med. Chem. 
20, 1013, 1977). 

SprSvnost uvedene domnSnky byla expe- 
rimenting potvrzena analyticky kapildrnf 



isotachotorezou a mlkropreparacl. V litera- 
ture existence chirality molekuly ketotife- 
nu (I) zatim uvedena nebyla a je jf objev je 
nutno povazovat za ipf ekvapujlcf. Zptisob 
stSpenl racemick§ho ketotifenu (I) na anti- 
pody je pfedmStem pfedlozen6ho vyndlezu. 

K Stgpenl racemicke' Utky vzorce 1 Ize 
pouSit krystalizaci smSs! diastereoisomerii, 
kterS vznikajl neutrallzacl ldtky vzorce I 
opticky aktivrxl-mi kyselinami obecnSho 
vzorce II 



CO0CHC00H 




R-\\-COOCHCOOH 



(II) 



ve kterSm R je atom vodiku nebo methyl, 
pficemz" v tSchto sollch s v^hodou pfipadd 
na 1 molekulu fodze vzorce 1 1 molekula ky- 
seliny obecneho vzorce II. Jde tedy o optic- 
ky aktivnl hydrogendibenzoyltartardty ne- 
bo hydrogen-di ( p-toluyl ) tartardty. 

K StSpenl se tedy pouzije bud komerCnS 
ipfistupn^ch kyselin ( + )-0,0'-dibenzoyl-D- 
-vhxne a [ — J-C^O'-dibenzoyl-L-vinnS, nebo 
podle literatury (Stoll A., Hofmann A.: Helv. 
Chim. Acta 26, 922 ? 1943) pfipraven^cb ky- 
selin ( + )-Q,0 4 -di ( p-toluyl ) -D-vinn£ nebo 
( — ) -0,0 l -di (p-toluyl ) -L-vinne. 

Neutralizaoe racemick^ baze vzorce I 
opticky aktjvnlmi kyselinami obecn^ho 
vzorce II se provede s v^foodou v ethanolu 
a vylouCenfi diastereoisomerni smSsi se 
krystalizuji, s vf hodou z vodneho ethanolu. 
Teploty -t&nl jednotllvych krystalizAtu ne- 
]sou charakteristick§, ta'k^e Jich nelze po- 
uflt >ako krite"ria dosa2eneho stupne scgpe- 
nl. Krystalizace je nuta^ opakovat a2 do 
dosazeni konstantnl opticke rotace soli. 
Krome toho je nutn6 z ka^deho krystaliza- 
tu uvolnovat opticky aktivnl bdzi a i u te 
kontrolovat optickou rotaci. Opln6 rozStS- 
penl je chara'kterizovdno shodnou optickou 
rotaci dvou za sebou .ndsledujiclcb krysta- 
llz^tii a z nich uvolnen^ch bdzi. 

Jako metoda pro bodnocenl dosa^sn^ho 
stupn§ stgpenl se osvgdCila isotachofor6za 
pouzlvajlcl /^-cyklodextrlnu jako aditiva ve- 
douclbo elektrolytu; touto metodou lze pfl- 
mo stanovit v bazich procentov^ zastoupe- 
nl obou enantiomeru. 

Dalsl podrobnosti zpusobu pfipravy Cis- 
tycb enantiomera ketotifenu (I) vyplyvaji 
z pMkiadu, kter£ jsou ovgem Jen ilustraci 
moznostl vyndlezu a nenl jejich ukolem vy- 
eenpdvajlclm zp^so'bem vSecbny moznosti 
poplsovat. Enantiomernl bfize vzorce I jsou 
krystaUcke' 14tky t kter6 krystalizuji z etha- 
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nolu. Pravotocivd baze f( + H] speci- 
fickou rotaci: 

J [ or ]2o n = +114° (ethanol, c = 1); 

levotoCivfl b£ze ( { — )-I] m$: 

[*]2o° = —114° (ethanol, c = 1). 

Farm-akologickS hodnoceni obou enantio- 
meru (hodnocenych ve form§ vodnfch roz- 
toku hydpogenlumarAtft] vykdzalo urCitf 
diference, kter6 naznacuji stereoselektivltu 
udnku, i kdy2 -ne prilis vyraznou. Anttbis- 
tamlnovy tiiCtaek (vM! hlstamin-Hi recepto- 
rum) byl bodnocen inhibicl bronchospasmu 
u morcat vyvolftvaneho hlstaminov^m aero- 
solem. Stfedni ochrannfi d*vka PDso pro 
f+}-ketotifen je 0,026 mg/kg pfi or^lnta 
podtof; pro [-J-ketotlfen je PDso = 0,013 
mlligramu/kg p. o. 

LevotoCIv^ enantiomer se tedy v tomto 
testu jevl b^t pflbliznS dvakrdt afiinnejSI, 
nez pravotoflvy enantlomer. Aktivita obou 
enantiomeric v. tomto testu Je enormnS vy- 
soka Dale bylo srovndni provedeno hodno- 
cenim v. testu anafylaktoidni fcoZnl reakce 
u krys kterd byla vyvoiavSna podSnim lfit- 
ky 48/80, tj. znSmeho liberfitoru hist&mtau. 
Antianafylaktoidni uCinek (+)-ketotifenu 
]e d£n stfedni ochrannou dfivkou PDso - 
= 4,2 mg/kg orSlnS. 

Pro (,— J-ketotllen se neipodafllo stanow 
bodnotu PDso : dftvka 1 mg/kg p. o. omezu je 
rozvo] anafylaktoidnl koZnl reakce o 25 °/o 
(ve srovn&ni s kontrolou); zvySovdiu dSvky 
aZ do 50 mgfeg P- o. nevede k statisticky 
vyznamnSmu zvy§enl antianafylaktoidniho 
efektu. V pflpadg toboto testu se tedy pra- 
votoCiv^ enantiomer jevi bft ucinnou kom- 
ponentou racematu. I kdy2 je zn£m§, U 
anticholinergic a antimuskarinov? ucmeK 
ketotifenu (I) Je relativne ai&kf, byly oba 
enantiomery srovn^ny z hlediska afliuty k 
muskarlnov^m receptorUm v Krysim ro-ozku 
v testu in vitro, pfiCem* byla urCovSna in- 
hibice vazby llgandu, tj- 0,5 nM ( 3 H)cbi- 
niiklldlnylbenzllfltu, k vazebnym nustftm. 

Vtfsledky Jsou uvedeny jako stfedm mm- 
bi&nl koncentrace ICso. Pro 1+J-ketotUen 
byla zji5t§na> hodnota ICso = 149 nM; rate- 
mick? ketotifen mS IC50 - 280 nM; pro 
(-)-ketotifen byla zjistfria hodnota ICso - 
= 1 217 nM. Tak§ v tomto pHpadS je tedy 
pravotocivy enantlomer uCinnou komponen- 
tou racemStu. Opacny v^sledek v. prupade 
testu histamlnoveho aerosolu lze v-ysvetht 
jednak skuteraostl, 2e Hi antlhlstaminovy 
uCinek neni stereoselektivnl a d^le tlm, ze 
tiSinnost obou ena-ntiomera je tak enormni, 
ze 100% diference mezi obgma vysledky je 
v mezlch experimen-tfilnfch cbyb. 

Z hlediska racemizace Jsou oba enantio- 
mery ketotifenu (I) relativne stdlfi. K race- 
mizacl dochazi rychle pfi teplotfi ttol bdzl 
(158 a2 160 °C) a ddle ve vrouclm vodnem 



roztoku solf. Krystalizace b^zl z vrouciho 
etbanolu nevede k racemizaci. Vypiyvd 7 
toho, ze energeticka hariflra pro inverzi 
konformacl obou enantiomeric je znacne vy- 
soka. 

Pfiklad 1 

K roztoku 7,8 g racemickS b^ze ketotife- 
nu [(±)-I]v 50 ml etbanolu se p?ld£ 10,2 
gramu kyseliny (— ]-0,0'-di{p-toluyl)-L-vln- 
ne a sm6s se zahfeje k varu. Vznikl^ roz- 
tok kysele soli se ponech^ n£kollk dnl pfi 
0 °C a potom se odsaje vyloufien^ sul. Zls- 
k^ se ve v-ftezku 16,8 g, tak2e Jde o smgs 
obou diastereoisomeru. 

Jeji t. t. Je 189 a2 190 °C a 

[or]20° = ,-74,65° (70% ethanol, c == 0,2). 

Vodnem amonlakem uvolnSn^ b^ze, izo- 
lovdna extrakcl benzenem a dokonai^m od- 
pafen&n rozpouSt&dla, mfi t t 159 a2 162 °C 
a 

[a]20° - +10,91°; 

podle hodnocenl isotachofor^zou sestavd z 
54 o/ 0 ( + a 46 % ( — J-L Jedinou krysta- 
lizacl tfito sm&si (5,0 g) z 350 ml 75% vod- 
n6ho etbanolu se ziskfi 2,4 g na§t§pen6 soli 
s t. t. 184 az 187 °C a> 

(a]20° = -39,02. 

Uvolnena b^ze m6 

[a]2Q n - +98,5° 

a padie kontroly isotachoforezou obsabuje 
97 o/ 0 (^.•)-L DalSi krystalizace 2,15 gramu 
tito soli z 200 ml 750/0 etbanolu poskytuje 
1.5 g bomogenniho diastereoi^meru soli s 
t t. 184 ai 1S7 °C a 

\<x] 20° = —33,05°. 

UvolngnS bfize taje pfi 159 aZ 152 9 C (e- 
thanol ] a m6 

[ a ]2o D = +114,14 3 . 

Podle kontroly isotacbof orfizou je to zce- 
ia- homogenni pravotoCiv-S bfize ketotifenu 

h+H]. 

Pfiklad 2 

K roztoku 7,6 g racemickS (bdze ketoti- 
fenu [[+1-1] v 15 ml etbanolu se prida roz- 
tok I0,r g kyseliny (-J-O.O'-dlbenzoyl-L- 
.vinn^ a rozbok se ponech^ krystalizaci po 
dobu 20 dnu. Potom se odsdtim ziska 16,8 g 
diastereolsomerni smSsl tajtcl pfi 154 a| 
155 °C Trojnfisobna krystalizace postupne 
ze 140 120 a 100 ml 75% vodnSho ethanolu 
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vede k 8,5 g homogenniho diastereolsomeru 
solt, t. t. 158 az 160 °C, 

(a]2o° = -20,36^. 

Jako v pFedeSlSm prlkladu uvoln^ bto 
13,8 g) taje pri 159 a2 162 °C (ethanol), 

[<x)2Q D = +114,31°. 

Jde tedy op&t o zcela- homogenni jpravo- 
toilvou bazi ketotlfenu [( + J-IJ, kter* je 
identicka s produktem pflkladu 1. Systema- 
tic^ zpracovfinl matecn?ch louhi, zfska- 
n?ch v pflkladu 1 i 2 vede k dalSfmu kvan- 
tu bdze (+J-I, co£ pftznivg upravl v?t&2- 
nost. 

Pflklad 3 
Neutwlizace 12,9 g racemicki baze keto- 



8 



Menu i l(±W] pomocf 18,1 g kyseliny (4-)* 

36 prov8de ve W 
mililitrech ethanolu a k ziskanemu roztoku 

diastereoisomernf smSsl soli se pfid* za 

mrchanl 800 ml etheru. Po 24 hod. sttol se 

ISPl k r ? st * li2a ce z Q5% ethanolu 

[*]zo 0 = +19,55* (700/ 0 ethanol, c = 0,2}. 

UvolnSua bSze taje pri 159 a2 162 °c fe- 
thanol) a ma 

l<x)w° = —113,91°. 

Podle kontroly isotachoforezou je to zce- 
la homogenni levotoCiva bSze ketotifenu 
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Zpusob pffpravy frstych enantiomerfl 4- 

-(l-methyl-4-}piperidyliden)-4,9-dihydroben- 

2o/4,5/cyOrtohepta/l f 2-b/thiofen-10-onu vzor- 
ce I 




vyzna£ujl se tim, ze se racemickA bSze 
vzorce I neutralizuje opticky aktivnimi ky- 
selinamj obecneho vzorce II 



R ^{'~\...COOCHCQOH 



R — <v ;>—COQCHCOOH 

(//) 

ve kterSm R je atom vodjku nebo methyl, 
vznikie diastereolsomernl smSsi kysel^-ch 
5-311 se krystali2uji z vodn6ho ethanolu do 
kanstantni opticke* rotace, rozlozi se zfedS- 
nym vodn?ra amoniakera, uv^lnSng opti-cky 
aktivn! b*ze ( + H nebo se izolujl 

extrakcl t$kav?mi a s vodou neraisitelnfinl 
rozpouStedly, zlskajf se odpafenlm extraktfi 
a krystalizacl % ethanolu a- jejich optickS 
Cisiota se ovgfl IsotacfooforSzou s £f-cyklo- 
dextrinem jako aditivem vedoucfno eiektro 
lytu. 
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